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(54) HtK.: METHOD FOR DEIECnON OF DRUG-INDUCED MITTATIONS IN THE REVERSE TRANSCRIPTASE GENE 
(57) Abstract 

Tl« p«sem invention states to a method for the n.pid and .eliaWe SiS^-S^^ti"^ ^PbTSSS 

gene allowbig the simultaneous characterization of a range of '"jtf o^^lSTS method for toennining the 
» function together in a reveri«*ybridization assay. ^^^^^"^^^jStT^^^iS^^ isolating or concenoating 
suscepu-bility to antiviial drugs of HIV strains present m a biolopcal sampte. c«npnsmr « " transcriptase genes present in said 

^^yc acids presenfin d.e sample; (II) if «e«l be t^C^) "^Sl^^^V^ 

sample with at least one suitable primer pair, (ui) hybridizing Ite Sato„ on a solid support and with said 

hybridizing specifically to one or more target sequences with said P"?*",**^* "gg^^ aJid wash conditions 

pJobes being «pable of simultaneously hybridizing to "^^^I^^^^t^^S ScfSt-W to any of said t-njet 
anowing the detection of homologous targets, or said probes '>3^'*'«?«.^'f^'^ Mening the nucleolide sequence 

sequent, or a sequence wherehi T is .eplaD«l Ijr U; (W) «tetecnn«^ SSf .IZS ^?^£w« sJeSS and possiUy Ihe type of 
«*e codons of irterest and/or the amtao adds of the codons of mtoB^ 
HIV isdaies involved fhm die difreienlial hybridization signal(s) tibtamed m step (iv). 
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Method for detection of drug-induced mutations 
in ttie reverse transcriptase gene. 

The present invention relates to the fieid of HIV diagnosis. More particularly, the 
present invention relates to the field of diagnosing the susceptibility of an HIV sample to 
5 antiviral drugs used to treat HIV infection. 

The present invention relates to a method for the rapid and reliable detection of 
drug-induced mutations in the HIV reverse transcriptase gene allowing die simultaneous 
characterization of a range of codons involved in drug resistance using specific sets of 
probes optimized to function together in a reverse-hybridisation assay 
10 During the treatment of human immunodeficiency virus (HIV) type 1 infected 

individuals with antiretroviral nucleoside analogs emergence of resisumce against these 
drugs has been observed. The mechanism responsible for the resistance is not fiilly 
understood, since tiie appearance of a resistant virus in not always correlated with clinical 
deterioration (Boucher et al. 1992). Amongst the reverse transcriptase (RT) inhibitors, the 
15 nucleoside analogs 3'-azido-2',3'-dideoxyThymidine (AZT, Zidovudine), 2'.3'- 

dideoxylnosine (ddl), 2\3'-dideoxyCytidine (ddC). (.)-|5.L-2',3'-dideoxy-3'-thioCytidine 
(3TC), 2',3'-didehydro-3'deoxyThymidine (D4T) and (-)-2*3'-dide6xy-5.fluoro-3'- 
thiacytidine (FTC) are the most imponant. since they show a favourable ratio of toxicity 
for the host versus efficacy as antiviral. All these compounds act in a similar way. namely 
20 they serve, after inn-acelhilar phosphorylation, as chain terminators of the RT reaction. 

Upon prolonged treatment with these nucleoside analogs, accumulation of mutations in the 
viral reverse transcriptase gene (RT) occur, thereby escaping the inhibitory effect of the 
antivirals. The most important mutations induced by the above compounds and leading 
to gradually increasing resistance were found at amino acid (aa) positions 41 (M to L). 69 
25 (TtoD), 70(KioR).74(LtoV). 181(YioC). 184 (M to V) and 215 (T to Y or F) 
(Schinazi et al.. 1994). Mutations at aa 65, 67. 75 and 219 have also been reponed but 
these were only showing a minor decrease in sensitivity. More recently, multi-drug- 
resistant HIV-1 strains were described showing aa changes at codon 62, 75, 77, 116, and 
151 (Iversen et al.. 1996). In general, these aa changes are the consequence of single 
30 point mutations at the first or second codon lener. but in the case of T69D (ACT to 

GAT). T215Y (ACC to TAC) and T215F (ACC to TTC), two nucleotide mutations are 
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„„. Wh«h=r in U«s. c^es *e Single nuc.»dde nu.»«on in«nn.dU«s exist, an. 
„ U,e, Show any in.pcr««. in U. n«cn.nisn, for acuirtng «sisu«e. " »^ 
.eponed. Third iefer variaUons a« in genera, no. losing » an am,„o ae„. ch».ge, and 
„e therefore seen as naniral polymorphisms. tk. ^nearance of 

Tl„ regin« for an eff^ien. ««ivira. uea^em is no. clear a. all. app«»»« 

0. or sever., of U«se n,nu.io. during »..ivira. .rea»«« '^^"^"^'^ 
coniunc,,™. with d« vims load and UK amoun. of CD4 ceils, indeed. s««« has be«, 

Zrd:d.e.fec.of>^resUuncen«....nscanl«s„.^-- 

of UK induced M184V nnmtion. i. U dear ^ disease progr.ss.o« .s n.ulnfac.on.1. 
0 4innuenceofoaKrsin».»oeo.soccuri.gn««.do,«n«»erdiff.re«con*«^^^ . 
" rrrw.-.«spec.»UKOu«on»andresis»«.ofUKV.sl«s„o.ye.heen« 

LLically In order ,0 ,« a b««r insigh, in.0 .he n>ech«»sn« of res,sunce and H.V 

: ZTu neeessarry u> analyse fo,lo«-up plasma s«nples of amiviral .reaKd pa„e«. 

r r — e«n. ^gether ^ d. shnuha«ous occuring ch».es of virus .»e 

" '"'"rl^of.hepresen.inve^ion.odev.opar.p.a.-relU.Jec^^^ 

^ for de.ern.i».ion of ^ antiviral drug rcsista«e of vin«s J J 
^p^se geoes such as HIV re»oviruses and Hepa*«vind.e pres«« » • btologtcal 

,0 "'" More particularly i. is an »n, of the present invention .o provide a geno.yping 

assay « *e dete«ion of the different H.V RT gene wild type and ntt-auon codons 
uivolved in teanHviral resistance in one single expenment. 

„ is also an .in. of UK present invo-tion^ provide -.mRTgenCPU^ -^ 
or meUK. Which ..lows to infer UK nucleortde setTKnce at codons of in.^ 

„ ™ino«ids.t UK codons of interest «-/or UK antivir^dn* restst^cespectn^, 

possibly also infer *e HIV type or subtype isolae involved. 

Ev«, more p».icul«l, it U .n atn. of the prese« inve«ion to prov.de a 
auowin, OK detection of the different HIV RT get. polyn«,rphisn» represc«n.g 
wild.tnK.ndm«.tio. codons in one single experimenulsen-p. 

^ is»K«her.in.ofUKpresentinven.io„t„se,ec,p«tic„l.rpro,«.^^^^ 
Uisainun.te v«ld..yp. HIV RT sequences front n,ut.t.d or polyn,orph,c WV R 
^ conferring resist»ce .0 one or more .nUviral dn.gs. such as AZT. ddl. 
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3TC or FTC. D4T or others. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated or polymorphic HIV Rl 



It is more panicularly an aim of the present invention to select particular^ probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to ddl. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to ddC. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to 3TC. 

Ii is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences firom mutated HIV RT sequences 
conferring resistance to D4T. 

It is more particularly an aim of die present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HlV RT sequences 
conferring resistance to FTC. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to multiple nucleoside analogues (i.e. multidrug resistance). 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to nevirapine. 

It is more panicularly an aim of the presem invention to select particular probes 
able to discriminate wild-type HIV RT from mutated HIV RT sequences involving at least 
one of ammo acid positions 41 (M to L). 50 0 to T). 67 (D to N). 69 (T to D), 70 (K to 
R), 74 (L to V), 75 (V to T). 151 (Q to M or L), 181 (Y to C), 184 (M to V). 215 (T to 
Y or F) and 219 (K to Q or E) of the viral reverse transcriptase (RT) gene. 

It is particularly an aim of the present invention to select a particular set of probes, 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 



sequences conferring resistance to AZT. 
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protesbetag used ma reverse hybridi»uo,as»y ^ „f sel««d probes 

„ is moreover an aim of presem i-v*"'"" » » « " 

.H .™. HIV RT seouences ftom mutated HIV RT sequences 

Z »«Her set of se-ected prC^s .Me .0 ide^Uy 
conferring resisonce to antiviral ani^sv.™ ^h.n*v all orobes can 

.he HIV isol^e. type or subtype present in the b,olog,eal sample, whereby .« probc 
be med under the same hybridisation and «ash^ond>tKms. 

i. .Uo «. aim of the present inve^ion to select primers cnaMmg the 
.mpUficatio. Of gene ,»g.««(s, de.«mWns the antiviral drug «^ tnnt 



10 interest 



10 



15 



The presem inv««on also aims at diagnosUc kits comprising said probes useful for 

•"""Tpresent .v«>.ion rel«es more particularly to a method for 
. j:,i.: «. antiviral drugs of an HW retrov^ - ' 

<ii, amplifying the re.va« part of the reverse transcriptase genes pres«. in 

said sample with a. leas, one suiuble primer pan 
<iii) iwbridang the polynudeie «:ids of stq, (.) or (u) wtU. at least two R P 

^ridl^^^-yto-leastonetargetse^asm^^^^ 

ngure la. .. . ^ ^ ^^^^ 1:^7;.-. .0 
solid support and with said probes being capaow u ^^^itions 
a«ir relcuve target regions m-er a,^opiate bybridiza^o. '^^^ 
.llowin. the deletion of homo.og<»s targ«s. « w«h s»d proves hybndi^ng 
tcifl^ with a se^ence cr»n,eme.t3ry to an, of said urg« se^- « a 
„^ whereto T in said .«get se<f.ence is replaced by U; 

(iv) detecting the hybrids formed in step (in); „ ^ ^ <rf interest and/or 

andtomos.e.s.s.tof«ri.g.hen«cleot«.^uen««a.J^ 

amino acids « the codons of intetes. and/or the annvrral drug 
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spectrum, and possibly the type of HIV isolates involved from the differential 
hybridization signal(s) obtained in step (iv). 

The relevant part of the RT gene refers to the regions in the RT gene harboring 
mutations causing resistance to antiviral drugs as described above and is particularly 
comprised between codons 1 and 241. and more particularly between codons 29 and 220 of 
the RT gene. 

According to a preferred embodiment of the present invention, step (iii) is 
performed using a set of at least 2. preferably at least 3. more preferably at least 4 and 
most preferably at least 5 probes meUculously designed as such that they show the desired 
hybridization results, when used in a reverse hybridisation assay format, more particularly 
under the same hybridization and wash conditions. 

According to a preferred embodiment, the present invention relates to a set of at 
least 2 probes each targetting one or more of the nucleoside RT inhibitor induced 
nucleotide changes or target sequences including such a nucleotide change as indicated in 
any of Figure 1 or Tables 1, 2 or 4. The numbering of HIV-1 RT gene encoded amino 
acids is as generally accepted in literature. 

More prcfererably, the present invemion relates to a set of two or more probes 
each targetting two. three, four, five or more different nucleoside RT inhibitor induced 
nucleotide changes as indicated in any of Figure lor Tables 1, 2 or 4. 

More particularly, the present invemion relates to a set of at least 2 probes allowing 
the characterization of a wild-type, polymorphic or mutated codon at any one of the drug- 
induced mutation positions represented in any of Figure 1 or Tables 1 or 2 or at any one 
of the polymorphic positions represented in Table 4. 

Even more particularly, the present invention relates to a set of at least 2 probes 
aliowing the characterization of a wild-type, polymorphic or mutated codon at any of the 
positions represented in Figure 1. 

All the above mentioned sets of probes have as a common characteristic that all the 
probes in said set are designed so that they can ftuction together in a reverse-hybridization 
assay, more panicularly under similar hybridization and wash conditions. 

A particularly preferred set of probes selected out of the probes with SEQ ID NO 1 
to 161 of Table 3 is described in example 2.2 and is indicated in Table 4 and Figure 2. 
The particularly selected probes are also indicated in Table 3. 
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A parucularl, preferred embodin«m of presem tavemion is a m«iK>d for ^ 
.«er,„^*e sZm^ «> amivira. arup of ao HIV iso,a» in a ..»p.= -s.^- 

U». fo, . given n».«tion disdosed in an, of Figa« 1. or Tables i. 2 or 4 1. 
; foUowino probes are included in said set . 

al ieas. o. pro., for de^oUng *c presence of drug i«d^ " at ».d 

r^"o« probe for de«aing d« prcse^e of a wi«.W>e se<r«nc. « s»d 

0 . can, ^^i^ona. proves, for de«Ung wi>d-r,pe po„n»rpbis„» ar 

posiiions surrounding the mutation posilion. 

Lusion Of d« .atter two types of probes great., co^ributes to ^creas^g .be 

" ""^r:se.ofpro.>ceord..».P«««-^^ 

™,be preferably at least two probes, characterizing the presence 

prooe. preici. , ,h- foUowins lift of codems susceptible to 

„^ in a codon position chosen f.omd«follo«mgb 

^.taU^ts in tbe H.V RT gene. 41, 50. 67. 69. 70. 74. 75. 

said probes b«ng Characterized ^.batmc, can mncnonn, a t^*^-- 

AUo selected probes according to U« present n.«nt.on are p™^«b« 

an. Of the nucleotide changes as represented ut an, of ^-^^ « J" 
„ 4. said pr<*« being characteri^d in they c«. funcuon ,« a n^thod as set o 

, ""-.Isoselectedsetsofprobesforuseinan^bodaccordingtoU^ 

i.h.e at leas. one. p^ferabl, at least n«, (sets of, p.<*«. wi*^-'^ 
Characterizing the presence of a dn^g-it-uced tnutat^n » "-""T^^^^^^ 
.he following US. of ccdon cotnbinations. with said cc«.o,« b»^ ^ ^ 
i„ the HW RT ge«-. 4. and/or 50. 4. and,or 67. 41 a«.or^; 4 »^or ™ 4. 
30 74; 4. and/or 75; 41 and/or 151; 1 «-.or ISl; 4. an.or ^^--^^^ ^ 
ai,; 50 a^i/or 67; 50 a.-/or 69; 50 and/or 70; 50 an^or 4 ^ ^o^ 
50 and/or 151; 50 ar-Zor 181; 50 at-Zor 184; 50 and/or 215, 50 and/or 
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69; 67 and/or 70; 67 and/or 74; 67 and/or 75; 67 and/or 151; 67 and/or 181; 67 and/or 
184; 67 and/or 215; 67 and/or 219; 69 and/or 70; 69 and/or 74; 69 and/or 75; 69 and/or 
151; 69 and/or 181; 69 and/or 184; 69 and/or 215; 69 and/or 219; 70 and/or 74; 70 
and/or 75; 70 and/or 151; 70 and/or 181; 70 and/or 184; 70 and/or 215; 70 and/or 219; 
74 and/or 75; 74 and/or 151; 74 and/or 181; 74 and/or 184; 74 and/or 215; 74 and/or 
219; 75 and/or 151; 75 and/or 181; 75 and/or 184; 75 and/or 215; 75 and/or 219; 151 
and/or 181: 151 and/or 184; 151 and/or 215; 151 and/or 219; 181 and/or 184; 181 and/or 
215; 181 and/or 219; 184 and/or 215; 184 and/or 219; 215 and/or 219. 

Even more preferred selected sets of probes for use in a method according to the 
present invention include in addition to the probes defined above a third (set of) probe(s) 
characterizing the presence of a third drug-induced mutation at any of positions 41, 50. 67. 
69, 70, 74. 75, 151, 181, 184, 215 or 219. or particular combinations thereof. 

Particularly preferred is also a set of probes which allows simultaneous detection of 
antiviral resistance at codons 41. 50. 67. 69. 70, 74. 75. 151, 181. 184 and 215. possibly 
also at codon 219. 

An additional embodiment of the present invention includes at least one probe, 
preferably at least two probes, characterizing the presence of a drug-induced mutation in 
codon positions chosen from the list of codons susceptible to mutations in the ffiV RT 
gene as mentioned in any of Table 1 or 2. such as at codons 65, 115, 150. 98. 100. 103. 
106, 108. 188. 190. 138, 199, 101, 179, 236. 238 or 233, with said probes forming 
possibly part of a composition. 

Panicularly preferred embodiments of die invention thus include a set of probes for 
codon 41 comprising at least one, preferably at least two, probe(s) for largeiting at least 
one, preferably at least two, nucleotide changes in any the following codons as represented 
in region I in Figure 1 : 

wild-iype codon E40 (GAA) or polymorphic codon E40 (GAG), mutant codon L41 (TTG) 
or Ml (CTG) or wild-type codon M41 (ATG), wild-type codon E42 (GAA) or 
polymorphic codon E42 (GAG), wild-type codon K43 (AAG) or polymorphic codon K43 
(AAA) or polymorphic E43 (GAA). 

Particularly preferred embodnnems of the invention thus include a set of probes for 
codon 50 comprising at least one, preferably at least two, probe(s) for targetting at least 
one, preferably at least two, nucleotide changes in any the following codons as represented 
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Paniculaily preferred embodmienls ol uie 

!«.« one oreferably a least two, ptobe(s) tor urs 
67.70 coBpnsmg « least one pre y , ^ f<^h«ring codotB as 

^ «e. pref«.Wy « leas, two, tmcleotKie cl«nges » »«f of 

to reekm ffl i» Rs™= ' ; ^ „ po.ymor,*fc 

wild-type K65 (AAA) or polymorphs K« '-^^^'^ (ACO or 

Mj « n^;7 (GAO or mutant N67 (AAU), wuu ijrpw 

, -.w ™ (AAG) or mutant R70 (AGA). 
K70 (AAA), polymorphtc , set of p«*es 

p.rtc«toly preferred embodimems Of ' p„be. for targetttag « 

f„ codo^ 74-75 cotnpristag « least o,«, preferably a. J. " „ 
1. one, preferably at leas, two, "> " 

^„««ed in region " 1.74 (TTA) or muumt V74 

„iM.„pe K73 (AAA) or polymorph. K73 (AAG), JPe ^.^^ 
(CTA), wild-typ. V75 (GTA) or polymorphs V75 (GTG) or m 

„pe D76 (GAT) or polymorphic D76 (GAO. . set of probes 

P.^1, preferred ^^^''^^JTZlo. probes for targetti^ at least 

(CCA) or polyt^rpWc P150 (CCG), w^d-type Q151 (CAG) 
25 U51 (CTG) or polymorphic Q151 (CAA). a set of probes 

Panicularly pre.^ <" ^ ^getting 

,or codon lSl-)84 comprising at «st o«. ^ ^ons as 

„ tost ««. preferably « least two, nucteotide changes m of 
^semed in region VI of Figure 1: ^^^^ ^ 

30 Wild-type yiS. CTAT) « ^^^^ <--^' "^"^ "'^^ 
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polymorphic D185 (GAC). wild-type D186 (GAT) or polymorphic E186 (GAG), wild-iype 
L187 (TTA) or polymorphic G187 (GGA) or V187 (GTA). 

Particularly preferred embodiments of the present invention include a set of probes 
for codon 215 comprising at least one. preferably at least two. probe(s) for targeiting at 
least one. preferably at least two, nucleotide changes in any of the following codons as 
represented in region VII of Figure 1 : 

wild-type G213 (GGA) or polymorphic G213 (GGG). wild-type F214 (TTT) or 
polymorphic F214 (TTC) or L214 (CTT) or L214 (TTA). wild-type T215 (ACC) or 
polymorphic T215 (ACT), mutant Y215 (TAC) or F215 (TTC). 

Particularly preferred embodiments of the present invention include a set of probes 
for codon 219 comprising at least one, preferably at least two. probe(s) for targeting at 
least one. preferably at least two. nucleotide changes in any of the following codons as 
represented in region VIII of Figure 1 : 

wild-type D218 (GAC) or polymorphic D218 (GAT), wfld-type K219 (AAA) or 
polymorphic K219 (AAG) or mutant Q219 (CAA) or E219 (GAA). wild-type K220 (AAA) 

or polymorphic K220 (AAG). 

Examples of probes of the invention are represented in Tables 3 and 4. and Figures 
2 and 3. In Table 3, the probes withheld after selection are indicated using the letter "y". 
These probes of the invention are designed for attaining optimal performance under the 
same hybridization conditions so that tiiey can be used in sets of at least 2 probes for 
simultaneous hybridization; tiiis highly increases die usefulness of these probes and results 
in a significant gain in time and labour. Evidentiy. when other hybridization conditions 
would be pieferred. all probes should be adapted accordingly by adding or deleting a 
number of raicleotides at their extremities. It should be understood tiiat these concoramitam 
adaptations should give rise to essentially the same result, namely that the respective 
probes still hybridize specifically with the defined target. Such adaptations might also be 
necessary if the amplified material should be RN A in namre and not DN A as in the case 
for the NASBA (nucleic acid sequence-based amplification) system. 

The selection of the preferred probes of the present invention is based on a reverse 
hybridization assay using immobilized oligonucleotide probes present at distinct locations 
on a solid support. More particularly the selection of preferred probes of die present 
invention is based on the use of die Line Probe Assay (LiPA) principle which is a reverse 



.9727332A1_L> 



10 



15 



PCT/ElW/00211 

^097/27332 ^ ^ 

10 

covered by the present invemion. „.nhP<; are inunobUized to 

U« daeciion of hybrids fonned. f ^ viimes which h.« 

Me*- a^eci.. »e,=«^ ^"irsL^ „ ohscrved for 

^.,„„^.oha.o.ap.«™-*^-^ 
inv based OB ihe same pniKiplcs as set ouiu i- 

. ,Uo being cov^ed by a« scope of a« preset in«n»on _^ ^^ 

The foltowing defuuUons serve ,0 iUus^e d« .»d express^, 
presem invemio. ^ ^ .„^og or 

^ "^.rtll ifsLh a^Uvir.. drugs ^ U« — *», "-V cause 
^o*erRTi«h.b»o..E««*l«ofaKh .^^Mellorse. al., 1995. Tbe 

i, HIV-RT ^ are discK»ed i» Scb»az. « 9^ ^ ^ 

^„ of *e ,«.er rwo docu»«s p,n«uUr„ « »^ ^ ^ ^ 
*e present invemion. Tbe mos. imponan. »«.v«l drugs focussed 

p„«*es a reduced suscep*i.i.y of *e isoia« » *e '^J^^ ^ 
Tbe «ge. n^reria. in me san^ies .0 be analysed .n^e.^'>N^^ 
e g . DNA. messenger RNA. viral RNA or ampltfed versK»s 4« 

methods according to the present invention. 
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WeU-known extraction and purification procedures are available for the isolation of 
RNA or DNA from a sample (f.i. in Maniatis et al. . Molecular Cloning: A laboratory 
Manual, 2nd Edition. Cold Spring Harbour Uboratory Press (1989)). 

The term "probe" refers to single stranded sequence-specific oligonucleotides which 
5 have a sequence which is complementary to the target sequence to be detected. 

The term "tarcet sequence" as refencd to in the present invention describes the 
nucleotide sequence of the wildtype, polymorphic or drug induced variant sequence of the 
RT gene to be specifically detected by a probe according to the present invention. This 
nucleotide sequence may encompass one or several micleotide changes. Target sequences 
10 may refer to single nucleotide positions, codon positions, nucleotides encoding ammo acids 
or to sequences spamiing any of the foregoing nucleotide positions. In the presem invemion 
said target sequence often includes one or two variable nucleotide positions. 
It is to be understood that the complement of said target sequence is also a suitable target 
sequence in some cases. The target sequences as defined in the present invention provide 
15 sequences which should be complementary to the central part of the probe which is 
designed to hybridize specifically to said target region. 

The term "complementary" as used herein means that the sequence of the single 
stranded probe is exactly the (inverse) complement of the sequence of the single-stranded 
target, with the target being defined as the sequence where the mutation to be detected ,s 
20 located. 

Since the currem application requires the detection of single basepair mismatches, 
very stringent conditions for hybridization are required, allowing in principle only 
hybridization of exacUy complemenury sequences. However, variations are possible in the 
length of the probes (see below), and it should be noted that, since the central part of the 
25 probe is essemial for its hybridization characteristics, possible deviations of the probe 

sequence versus the target sequence may be allowable towards head and tail of the probe, 
when longer probe sequences are used, mse variations, which may be conceived from 
the common knowledge in the art, should however always be evaluated experimentally, m 
order to check if they result in equivalent hybridization characteristics than the exacfly 

30 complementary probes. 

Preferably, the probes of the invention are about 5 to 50 nucleotides long, more 
preferably from about 10 to 25 nucleotides. Particularly preferred lengths of probes include 



8NSDOCID: <WO 97273aaAl J_> 



• PCTrt:P97/00211 
w 

12 

10 11 12 13 14, 15, 16. 17. 18. 19, 20, 21, 22. 23. 24 or 25 nucleotides. The 
i::;.::: as :se. . .ese. .ven.o„ ^a. . ..on.c.eo.es. ^^^^ 
and modmed nucleotides such as inosine or nucleotides containing modified groups 
do not essentially alter their hybridisation characteristKS. 

probe sequences are represented throughout the s^ification as s.ng^ 
ONA Oligonucleotides .on, the 5' to the 3' end. It is obvious to the man s.^^^e 
any of the belo.-specified probes can be used as such, or in thetr complementary 
form or in their RNA form (wherein T is replaced by U). 

^„«,^ men,, eg. ^ fr.cao«U»n «cordi.g K, .nolecuU, wc.g 

c» . c<»p.. .o,.ea . . ^f^;r:r:rj:;r 

^ « » groups. NH. groups. SH groups. c».»xy.« groups, or coupln^g 

with bioiin, haptens or proteins. . ^ ... up 

wiui Diuiiii, K r ^ i,i«.ui^ micleic acids. Labellmg may be 

The tenn "labeUed" refers to the use of labelled nucleic acios 

^ „ ^ use o, ....e. uuc^-es ^ ^J-^ - ^ 

.upUfcaUon such as i.U»ra«d by SaUd « .1. (1988) or Be, « a.. OW orj*. 

b, auy o.«r .e*«. ^u .0 a« p«s™. s^ *n .he ar. of *e 

label may be iso<opic ^f. »S, etc.) or nor^isotopic (biorin, digoxigenm, eK.). 

4 -primer- refcrs «, a single suauded oUgonuCeoride se^ capable of 
D acting as a pota of imtiato for s,«be«s of a pruner ex.»sion product 

pJL must be such .b« they a»o« «. Prin« .he sn.besU of .he exteoston products. 
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Preferably the primer is about 5-50 nucleotides long. Specific length and sequence will 
depend on the complexity of the required DNA or RNA targets, as well as on the 
conditions of primer use such as temperamre and ionic strenght. 

The fact that amplification primers do not have to match exactly with the 
5 corresponding template sequence to warrant proper amplification is amply documented m 

the literature (Kwok et al.. 1990). 

The amplification method used can be either polymerase chain reaction (PCR; Sadci 
et al 1988), ligase chain reaction (LCR; Landgren et al.. 1988; Wu & Wallace. 1989; 
Barany. 1991). nucleic acid sequence-based amplification (NASBA; Guatelli et al.. 1990; 
10 Compton. 1991). transcription-based amplification system (TAS; Kwoh et al.. 1989). 

strand displacemem amplification (SDA; Duck. 1990; Walker et al.. 1992) or amplification 
by means of QB replicase (Lizardi et al.. 1988; U>meli et al.. 1989) or any other smuble 
method to amplify nucleic acid molecules known in the art. 

The oligonucleotides used as primers or probes may also comprise micleotide 
15 analogues such as phosphorothiates (Matsukura et al.. 1987). alkylphospborothiates (Mdler 
et al.. 1979) or peptide nucleic acids (Nielsen et al.. 1991; Nielsen et al.. 1993) or may 
contain intercalating agents (Asseline et al., 1984). 

As most other variations or modifications introduced into the original DNA 
sequences of the invention these variations wUl necessitate adaptions with respect to the 
20 conditions under which the oligonucleotide should be used to obuin the required specificuy 
and sensitivity. However the evenmal results of hybridisation will be essemiaily the same 
as those obtained with the unmodified oligonucleotides. 

The introduction of these modifications may be advantageous in order to positively 
influence diaracterisucs such as hybridization kinetics, reversibility of the hybrid- 
25 formation, biological stability of the oligonucleotide molecules, etc. 

Tte -sample" may be any biological material taken eitiier direcfly from tiie infected 
human being (or animal), or after culmring (enrichment). Biological material may be e.g. 
expectorations of any kind, broncheolavages, blood, skin tissue, biopsies, sperm, 
lymphocyte blood culmre material, colonies, liquid culmres. faecal samples, urine etc. 
30 The sets of probes of the present invention will include at least 2. 3. 4. 5. 6, 7. 8. 

9. 10, 11. 12. 13. 14. 15. 16, 17. 18, 19, 20, 21, 22, 23. 24. 25. 26, 27. 28. 29. 30 or 
more probes. Said probes may be applied in two or more distinct and known posmons on a 
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same position of said solid support. „.irteliiies 

F„, designing pr<*cs wiU. d«W ch.rac«risto, *c fo..owu« 
k„«„,„ the person skilled in th. an can be wlW dose described 

Because ,he ex«n, and specificity of bybridi».i.n reacnons such as d»se d^ 
herein .re a«^.ed b, a nnntber of factors, nranipuiation of one or n^ of^^ 
1 detemtine the e«c. sensitivity and specificity of a par.icu.ar probe, 
Ipie^ntar, to its targe, or not. The i™portan„ a,^ effec, of vartous ass., co.d.»o.s. 
«ptoi«dfurtt«r herein, are known u, Base skilled .nfl« an. 

" The s»b«i. Of U« : -^1 - ""rx-rich 

e^tpaSble «ith dte »sa, condUions. ThU .nay be acconpUshed by avotd^g .0^ AT^h 
scuLs. by .em.in.Ung the hybrids with 0:C base pairs, at- by -^-^ J^J^^ 
1 an appropriate To,. TlK beginning ...d e... poi«s of the probe should be *«e so 
Tthe l^gth and %0C resul. in a Tn. .b». MO'C higher d»n d« «n.p.ran.re . 

L assay wU. be ^fom^cd. T. ^ con„««iti«. of - P^ -^^^ 
^se G-C base pairs exhibit grea.„ d«r™.. subUity as ""^^^^^ ^ 
,0 «Mi«ona. hydrogen bonding. Thus, hybridization in«.i™g co»pleme««, nuclei 
of higher G-C content will be sable at higher ttmperan^es. , ^ 

Co»lMons such as ionic s^engh. and i— n te,npera»re under wtoch a p^^ 
^.usedsh.««.lsobe..kenin»acco.u..whend.ig.^apro^J^-^^ 

hybridization wUl incre^e « UK ionic s«ngh. of 0« reacuon n,an« '^'^ 
I the.^1 stabUity Of Ute hybrids will increase wid. increa^g ionic »e^ • On - 
od. band, chentica, reagen.. such as fonn^nide. ur.^- ^ ^ 

disrup. hydrogen bonds, will tacrease d>e smngency of ^^^'^ 
hyd^gen bonds by such reag««s greaU, reduce *e Ta. to general o^ 
4hL». for synthetic oligonucleotide probes of ^ 1«0 M« » 

S'C below ti. Halting .e..r,n«e for . g.™ aup.- 
Ipe„«„es below UK optin.un. n«y allow tnismatched base seances to hybnduc a»i 
canUKreforereaiUinreduce.lspecincifl'. „,irt„„ofluBh 
I. is desirable » have probes which hybridize only under co»l«.ons of ^ 

Uuder high srringer. co.^"s on. ^ "-'^^CJ L. 
hybrids will form, hybrids without . sufficient degree of con.plenKm.rn» 



97273a2A1_L> 



PCT/EP97/00211 

WO 97/27332 

15 

Accordingly, the stringency of the assay conditions determines the amount of 
complementarity needed between two nucleic acid strands forming a hybrid. The degree of 
stringency is chosen such as to maximize the difference in stabUity between the hybrid 
formed with the target and the noniarget nucleic acid. In the present case, single base pair 
changes need to be detected, which requires conditions of very high stringency. 

The length of the target nucleic acid sequence and, accordingly, the length of the 
probe sequence can also be important. In some cases, there may be several sequences firom 
a particular region, varying in location and length, which will yield probes with the desired 
hybridization characteristics. In other cases, one sequence may be significantly better than 
another which differs merely by a single base. While it is possible for nucleic acids that 
are not perfectly complementary to hybridize, the longest stretch of perfectly 
complementary base sequence will normally primarily determine hybrid stabUity. While 
oligonucleotide probes of different lengths and base composition may be used, preferred 
oligonucleotide probes of this invention are between about 5 to 50 (more particularely 10- 
25) bases in length and have a sufficient stretch in the sequence which is perfectly 
conq>lemeniary to the target nucleic acid sequence. 

Regions in the target DNA or RNA which are known to form strong internal 
strucmres inhibitory to hybridization are less preferred. Likewise, probes with extensive 
self-complementarity should be iavoided. As explained above, hybridization is the 
association of two single strands of complementary nucleic acids to form a hydrogen 
bonded double strand. It is implicit that if one of the two sffands is wholly or partially 
involved in a hybrid that it will be less able to participate in formation of a new hybrid. 
Tbere can be intramolecular and imermolecular hybrids formed within the molecules of 
one type of probe if there is sufficient self complementarity. Such structures can be 
avoided through careful probe design. By designing a probe so that a substantial poruon of 
the sequence of interest is siiigle stranded, the rate and extent of hybridization may be 
greatly increased. Computer programs are available to search for this type of interaction. 
However, in certam instances, it may not be possible to avoid this type of interaction. 

Standard hybridization and wash conditions are disclosed in the Materials & 
Methods section of the Examples. Other conditions are for instance 3X SSC (Sodium 
Saline Citrate), 20% deionized FA (Formamide) at 50'C. 

Other sohitions (SSPE (Sodium saline phosphate EDTA), TMACl aetramethyl 
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^Chloride) eK)»Kl«»P«»»r»c» also b. used p~viaedU».a»specinci.y 
»™«>""" Chlonde). etc.) . ,«difBaions of ft. probes .n 

<n 0, m> «. hybridized »i* at leas, .v,o, U»ee, four, five, s«. s.v«i. m«. 

or ™.r. o, *c abovc-o-miooed urge, region spec.f« ' 

cover - » - ^ 

The lerm -miMaiioo region- nKans d« reg»i. u. lie MV RT gen eq 

3^ ,.,„..n*isn,s U^a-ed «idU„ -a posinons 47 » « ^^J^' J ^ 

vari«i«. polymorphisms .oca«d aa posmons 65 «, 72 of * J 

^ .^-^ ^ ,»«i«ns loca^d * „ .54 Of 

,e«. drug-i--. ^ '7';^ Z^tiCTposiHons 180 

U« RT .e«. dP^-indnced variaUons and po„morph,sms „ 

,« of *e RT sent dmg induced varianons and polymorphisms locaKd w. 
Z^^ZT. JrT gene and d^g induced .a.i«io. and po.y.»rph.sn» 
tocaedwiflnn a. positions 217 «. 220 of IheRT gene. » g. to cemin 

Since some n»odons may be more fr«penfly oecurrmg U»n od«rs e.g 
iiBcc SOTO „ „ _,*er closed connnumnes) it may Be 

.reas or in specific arcums,a«« (-8. ^ ^ as i»>^.ed 

^^\^ ir^T Qnecific mutations, using a seiecteo sci p 
apptopiate to screen only for specific mu ^ ^ 

above. This would result in a more simple test, which wouia co 

circumstances. . . selected set of 

U, ,0 d«.c. the antiviral drug RT resistance p».em w.* the ^ 
Cigonuclentide prob«. an, hybridization method kno™ in the an can K used 
0 (conve-ional d«.blot. Soothem blot, sandwich, etc.). 

However, in order to obtain Sat »»1 easy results a mulumde P 
involved, a reverse hybridization forma, may be most convement. 
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In a preferred embodiment the selected set of probes are immobilized to a solid 
support in known distinct locations (dots, lines or other figures). In another preferred 
embodiment the selected set of probes are immobilized to a membrane strip in a line 
fashion. Said probes may be immobUized individually or as mixtures to delineated 

5 locations on die solid sui^rt. 

A specific and very user-friendly embodiment of die above-mentioned preferential 
method is the LiPA method, where the above-mentioned set of probes is immobUized in 
parallel lines on a membrane, as further described in the examples. 

The invention also provides for any probes and primer sets designed to specifically 
10 detect or amplify specifically these RT gene polymorphisms, and any method or kits using 

said primer and probes sets. 

The invention fiorther provides for any of the probes as described above, as well as 

compositions comprising at least one of these probes. 

The invention also provides for a set of primers allowing amplification of the 
15 muution region of the RT gene in general. 

Primers may be tebded with a label of choice (e.g. biotine). Different primer-based 
target amplification systems may be used, and preferably PCR-amplification, as set out in 
the examples. Single-round or nested PGR may be used. 

The invention also provides for a kit for inferring the nucleotide sequence at codons 
20 of interest in the HIV RT gene and/or the amino acids corresponding to these codons 

and/or the antiviral drug resistance spectrum of fflV isolates present in a biological sample 
comprising die following components: 

(i) when appropiate. a means for releasing, isolating or concentrating the polynucleic 
acids present in said sample; 
25 (ii) when appropriate, at least one of the above-defined set of primers; 

(iii) at least two of the probes as defmed above, possibly fixed to a soUd support; 

(iv) a hybridization buffer, or components necessary for producing said buffer; 
(V) a wash solution, or components necessary for producing said solution; 

(vi) when appropriate, a means for detecting the hybrids resulting from the preceding 
30 hybridization. 

(vii) when appropriate, a means for attaching said probe to a solid support. 

The term "hybridization buffer" means a buffer enabling a hybridization reaction to 
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produce, under the m«n^ """S'*' ^ . , . ^,.rt<U fonned 

The .em, "«* ».»Uon- n«« • soluOon enabling «»h«g of U« l«rbnds 

under the appropiaie stringency conditions. . . ,., 

A U« pi assay (UPA) »as designed for the screoting for 

^^.nrinoaci^intheHiVRTge... ^ I^J^^ .^^^l PCR 
^h,hridiz.Uonofana.npUr,edpc,ynuc,eic..f«g™^^^ 
* Of the fflV RT gene onto short oligonucleotides. The latter nyona 

The present in«ntion „r.her reia«s to a reverse hybridization ^ wherein said 

ohgonucecriae probes are in»obi.i»d, preferabi, on a "^^^^ ^ 
The present invention also relates to a eompostuon compnstng any or 

defined in Tables 3 and 4 or Figures 2 and 3. ,h, HIV RT resistatKe 

,5 The present invention relates also to a let. for thfemng the HIV RT ,« 

spectnun of HIV in a biological santple, coupled to ^ ide«if«non of the fflV tsoUte 

involved, cotnprising the following contponents: .^.^sng the polynucleic 

0, when appropiate. a n«ns for releasing, isolaltng or concen.r«n.g*epoy~ 

acids present in the sample; 

^ w-app«.p--«--»'-«-'^"*''":rj;:trsupport; 

(tti) leas, one of the pr^es as defmed above, posstbly fnc^ 
t a hybridi^tion buffer, or cotnponents .pessary ft« produc»g s»^ b^«. 
aJashsoluti«.,orcotnpo.enu«cessaryfbrp.od«ing».^»^^^^ 
When ap,^.e..n-«.s for detecting ti« hybrids resulttngfrrnn the p«^^ 

25 hybridization; 

<vn, when appropriate, a tneans for attaching said probe to. so.ul»««. 

TV following examples only serve to iltastrate the pres«« mven.-. These 
..angles are in no way intended to «t the scope of the present inve«».. 

FIGURE AND TABLE LEGENDS 
,0 Pi^ . Namra, a«. drug i-uced variabUiry in U« vicinity of codons 41, 50. 67-70. 74- 
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75. 150. 181-184. 215 and 219 of the HIV RT gene. The most frequenUy observed wild- 
type sequence is shown in the top line. Naturally occuring variauons are indicated below. 
Drug-induced variants are indicated in bold italics 

Figure 2 A . Reactivities of the selected probes for codon 41 inunobUized on LiPA strips 
wiih reference material. The position of each probe on the membrane strip is shown at the 
right of each panel. The sequence of the relevam part of the selected probes is given in 
Table 4. Each strip is incubated with a biotinylated PCR fragment from the reference 
panel. The reference panel accession numbers are indicated in Table 4. For several probes 
multiple reference panel possibilities are available, but only one relevam accession mmiber 
given each time. *: False positive reactivities. On top of the strips, the amino acids at the 
relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 B. Reactivities of the selected probes for codons 69-70 immobilized on LiPA 
strips with reference material. The position of each probe on the membrane strip is shown 
at the right of each panel. The sequence of ti»e relevant part of the selected probes is given 
in Table 4. Each strip is incubated with a biotinylated PCR fragmem from the reference 
panel. The reference panel accession numbers are indicated in Table 4. For several probes 
multiple reference panel possibilities are available, but only one relevam accession mmiber 
given each time. False positive reactivities. On top of the strips, the amino acids at the 
relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 C. Reactivities of the selected probes for codons 74-75 iromobUized on LiPA 
strips with reference material. The position of each probe on the membrane strip is shown 
at the right of each panel. The sequence of die relevant part of the selected probes is given 
in Table 4. Each strip is mcubated with a biotinylated PCR fragment from the reference 
panel. Tlie reference panel accession numbers are indicated in Table 4. For several probes 
multiple reference panel possibilities are available, but only one relevant accession number 
given each time. On top of Uie strips, tiie amino acids at the relevant codon, as derived 
from the probe reactivity, is indicated. 

Figure 2 D. Reactivities of the selected probes for codon 184 immobilized on LiPA strips 
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reference n«eri... The position of e«h ,rob. on *e n«.brane smp « ^own a. U« 

:::rpane>.T.se^ora««^p.n«--«-p-;;^^"- 

tL 4 Each s„ip is incnbaied wiO. a bi«in,U»i PCR fragmem iron. U« »f««« 
le^ The refcroL pane, acce^ion numhers are in«c.». in Table 4, For severa, p^^ 
li'fc^nce P.L, po.ihai.ies are avaiUh... hu, o., one ^^-^ ^^ 
Tiven each tin«. On .op of *e sirips. 0« «ni» acids a. *e reicam codon, as denved 
from the probe reactivity, is indicated. 

Pi^re 2 E. R«cUvi«s o/ .he setecd proi« for codon 2.5 ta^ohili^d on liPA smps^ 
Z rLr^ M of each proh. on d« n.en,brane s.,. .s shown a. *e 

T^h-e 4. Hach s.ip is incuh-^. »i.h a h^ia^ PCR ^^-^ 
^. The reference panel accession numbers are indicated mTaWe 4. For several p 

r;r:;r;L possibi,i.i« are avai-ab.. on., - 
giv«. each Ome. On .op of d- s,rips, d« an.i», acids a. d« relev^n codc«, as der.™. 
15 from the probe reactivity, is indicated. 

. F. Reacivilies of selec^d probes for codon 2.9 — <» "^"^^ 
^rCere^en^erial. The position of each probe on d« n«n*rane s«, .s s^ « - 
ri^ Of each p«... The se.^ Of ti« reuva™ par. of d« se.ecre^ pro^ « 
tI 4. Bach strip . incnba^d wi* a b^U«d .^R .a^ - ^ 
:0 P-^Tbercf«c.cepane.,ccession«i.*«.«»»-- 

^hiple reference pane, possibUities are ,«i«,le. 1^ "^^J^^ „ 
gi,en each time. On wp of tt« sttips. U« «ni«, «:ids a. the «le»»« cod 

from ihe probe reacuviiy, is indicated. 

3. CUnica. and virolosica. fea^ies de«cuble in d«e 

nf^-ted With a HIV-1 strain showing the M41-T69-K70-L74-V 

Iren. resin-ns U« peri.- of . 

Ch^iges tha. appeared d«i.g ti« ~ P~>od cou.^ >« scored b, n« 
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the LiPA probes are indicated, for patient 91007 at codon 41 and 215; for patient 94013 at 
codon 184; for patient 92021 at codon 70. 214. 215. 219. Bottem: Correspoitdmg LiPA 
strips for a subset of the aa changes are shown. UPA piobes are indicated on the left, the 
aa interpretation is indicated at the right of each panel . 

Figure 4. Reactivities of the selected probes for codons 151 and 181 on liPA strips with 
reference material. The position of each probe on the membrane strip is shown at the right 
of each panel. The sequence of the relevant part of the selected probes is given in Table 3. 
LiPA strips were incubated with sequence-confirmed PGR fragments, extracted and 
amplified from: a wild-type HIV-1 isolate (strip 1), a wild-type isolate with a 
polymorphism at codon 151 (strip 2) or 149 (strip 3). a multi-drug resistant HIV-1 isolate 
(strip 4) with no information about codon 181 and a non-nucleoside analogue treated HIV- 
1 isolate which remained wild-type at codon 151 (stripS). 

Table 1: Mutations in HIV-l RT gene associated with resistance against nucleoside RT 
inhibitors. More detaUs are given in Mellors et al.. 1995. 

Table 2: Mutations in HIV-1 RT gene associated with resistance against HIV-1 specific 
RT inhibitors. For more details see Mellors et al., 1995. 

Abbreviations in Table 1 and 2: 

AZT : 3'-azido-2'3'-dideoxythymidine 

ddC : 2'3'-dideoxycytidine 

ddl : 2'3'-dideoxyinosine 

3TC : 3'dideoxy-3'-thiacytidine 

FTC : 2'3'-dideoxy-5-fluoro-3'-thiacytidine 

L'697,593 . 5-ethyl-6-methyl-3-(2-phthalimido-ethyl)pyridin-2(lH)-one 

L'697^661 : 3-Il(-4.7-dichloro-l,3-benzoxazol-2-yl)methyl amino-5-ethyl-6-methylpyri 

2(lH)-one 

Nevirapine : ll.cyclopropyl-5.11-dihydro^methyl-6H.dipyridol(3.2-b:2\3^e)dia2epin-^ 
one 

TIBO R82150 : (+)-(5S)-4.5.6.7.-teirahydro-5-methyl-6-(3-methyl-2 



972733aAlJ,> 



10 



15 



PCT/EP97/00211 

WO 97/27332 ^ ^ 

22 

butenyl)imidazo(4.5.1-)k) (l.4)-benzodiazepin-2(lH)-thione 
TIBO 82913 : (+)-(5S)-4,5.6J.-tetrahydro.9H:hloro-5-nH.thyl-6-(3.m^^^ 

TSAO-m^T : (2^5•-bis-o-(tert-buthyldirnemylsilyl^ 

2 '.2 '-dioxide) -^.mij 

indol-2yl)-carbonyl)-piperaziiie 

T,bte 3: fflV KT wUd-.ype dmg resisBocc »«.»Uo„ probes. The probe, wi*eM -«r 
selection are indicated as "y". 

fT"D^ «rnh*. reaciivitv PTObe names corresponding 
Table 4 Prediction and prevalence of LiPA probe reactivity, rru 

wr*e se^ oKKi. are pre«««. a« .eft co>«™. wuh U« re^-u P- of 

each probe Shown under *econ««»s. The prevaleoce of UKsemoovcs, 

eacnprooesn .„ ,^ tie is given to ihe inkWle «>'>™"- 

deiermined using panels of European and US sera. IS give 

The right colunu, indicaKS *e co,respo«iing s»ips of Rgur. 2 A-F d« 
aceession ««nb« of U« refere». pa«. Cone used » obuin 0>is re,c»v„y. 
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EXAMPLES 



o vtatepals and methods. 

u HIV tvne-1 infected patients and stored at -zu ^ 

Plasma samples were taken from fflV type i mreciea p ,,„viMtions 
. K-rr AM AAC D4T 3TC, or several combinations 

until use. Patients were treated with AZT. ddl, ddC, D4T, 3i^, 

Of these prodrugs . The European serum samples tested were randomly sel^ted^ 0. 

US serul collection, only the first sample from a follow-up series was taken. Some of 

these US patients were treated, others were not treated. 

HTVRNA was prepared using the guanidinium-phenol procedure. ^ ''^ 

was mixed with 150 ,1 Trizol^I^ Reagent (Life Technologies, Gent, Belgium) at room 
(vohime ratio: lunit sample/ 3 units Trizol ). Lysis and denaturation occu^ 

:rrf.nypi.ttingupa.downsever.t.es,followedby.^ 

. I rurx u/aQ added and the mixwre was 

temperature for at least 5 minutes. Founy ^1 CHCl, was aooeo 
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shaken vigorously by hand for at least 15 seconds, and incubated for 15 minutes at room 
temperature. The samples were centrifuged at maximum 12.000g for 15 minutes at 4»C, 
and the colourless aquous phase was collected and mixed with 100 n\ isopropanol. To 
visualize the minute amounts of viral RNA, 20 p\ of Ifig//*! Dextran T500 (Pharmacia) 
was added, mixed and left at room temperature for 10 minutes. Following centrifiigation at 
max. 12,000g for 10 minutes at 4»C and aspiration of the supernatant, the RNA peUei was 
washed with 200 ii\ ethanol. mixed by vortexing and coUected by centrifiigation at 7,500g 
for 5 minutes at 4»C. Finally the RNA peUet was briefly air-dryed and stored at -2Q*C. 

For cDNA svntb^^i'^ »^ Pf^R amplification , the RNA pellet was dissolved in 15 /il 
random primers (20 nglnl pdN,. PharmacU). prepared in DEPC-treated or HPLC grade 
water. After denamration at 70»C for 10 minutes, 5 ^1 cDNA mix was added, composed 
of 4 Ml 5x AMV-RT buffer (250mM Tris.HCl pH 8.5. lOOmM KCl. 30mM MgCl^, 25 
niM DTT). 0.4 ^iL 25mM dXTPs. 0.2 fil or 25U Ribonuclease Inhibitor (HPRI, 
Amersham). and 0.3 m1 or 8U AMV-RT (Stratagene). cDNA synthesis occured during the 
90 minutes incubation at 42"C. The HIV RT gene was than amplified using the following 
reaction mixture: 5 itl cDNA. 4.5 mI lOx Taq buffer. 0.3 m1 25 mM dXTPs. 1 ^\ (10 
pmol) of each PGR primer, 38 ^^ HjO. and 0.2 m1 d U) Taq. Ttot primers for 
amplification had the following sequence: outer sense RT-9: 5' bio- 
GTACAGTATTAGTAGGAGCTACACCTGTC 3* (SEQ ID NO 96); nested sense RT-1: 
5- bio-CCAAAAGTTAAACAATGGCCATTGACAGA 3' (SEQ ID NO 97); nested 
antisense RT-4: 5' bio-AGTTCATAACCCATCCAAAG 3' (SEQ ID NO 98); and outer 
antisense primer RT-12: 5' bio-ATCAGGATGGAGTTCATAACCCATCCA 3' (SEQ ID 
NO 99). Annealing occured at 57»C, extension at 72°C and denamration at 94»C. Each 
step of the cycle took 1 minute, the outer PGR contained 40 cycles, the nested round 35. 
Nested round PGR products were analysed on agarose gel and only clearly visible 
amplification products were used in the LiPA procedure. Quamification of viral RNA was 
obtained with the HTV Monitor™test (Roche. Brussels. Belgium). 

Selected PGR products , amplified without 5' bioiine primers, were cloned into the 
pretreated EcoRV site of the pGEMT vector (Promega). Recombinant clones were selected 
after a-complementation and restriction fragment length analysis, and sequenced with 
plasmid primers and internal HIV RT primers. Other biotinylated fragments were directly 
sequenced with a dye-terminator protocol (Applied Biosystems) using the amplification 
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. H PTR was carried out with analogs of the RT-4 and RT-1 
primers. Alternatively, nested PCR was carried ^ ^^^^ 

pritners. in which the hiotine group was 
espectively. These amplicons were than sequenced wt^^^^ 

pldure. sequence information was submitted to the GENB^^ 

. ^.«ianed to cover the different polymorphisms and arug mu 

g^^ere designed co .^^^ ^^^^^ .^^ 

mutations. In principle, only probes that discnm^na ^ 
^,in«i However, for certain polymorphisms at the extreme e 

U« probe, cms-naomiy ^ ^ ^.^ c<mc««««o» of 

em,n«licallyw«h.poly-TiaU.B , ~n«s wet. diK.l«d in Mu-dard saline 

condUion. and purified via precip«.«on. Pr<*e peU^ w« 

- <SSO ar. appU. » , «V KT aa . aa 

ror amplificauon (pr<*^ 5 CCAC ^ 

^ o«o U» men-brancs by b.k,Bg, n«nb«»» - 

1 iPA tests equal amounts (10 »il) of bionnyiaiBu v 

H HaOH'O.1% SDS, v«re mixed. »o«o««i » 
den.«t«K.» mature (0.4 N Na ^ ^ ^ 

« - ; t . 3, »a. added „^ . 

) hybridization buffer (2xSSC. 0.1% 

,,bridi«Uon mixmre «.s repl«»d J™^ ^ „ 5 

^bridisauoo ,««er), a.- ^^^T^Z ^ - "^""^ ^ 

^ »t,on Qt ^Q'C for another 25 minutes, uuncia 
nainutes and than at 3y lor -i After 30 minutes 

« f«-«s«p..idinea.Ka.inepbosph..»eco.^^«.-^^ 

i^Uon a. room .emperamre, conjugal was rmsed •^"^'^J^^^. 

hybridization occured became visible because 01 m p 
30 positions. 

h Results. , . 
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PGR primers were chosen outside the target regions for probe design. The 
amplified region located inside the nested primers covered the HIV-1 RT gene from codon 
29 to codon 220. The primer design was based on published sequences from the HIV-1 
genotype B clade. European and United States HIV-l positive serum samples, stored 
appropriately (at -20-C) without repeating freezing-thawing cycles, were PGR positive in 
96% of the cases (not shown). The amicaling temperamre for the selected primers seemed 
to be crucial (57»C). At 55»C. a second aspecific amplicon of approximately 1500-bp was 
generated; and at 59»C the amoum of specific fragmem decreased drastically. With the 
current primer combination, the corresponding RT region could be amplified fi-om isolates 
of the genotype A, C, D and F clade, but with a reduced sensitivity. 

A total of 25 selected PGR fragments with Oie target polymorphisms and mutations 
were reuiined as reference panel and sequenced on both strands. The selection occurred 
during tiie evaluation of tiie probes, and these samples originated from naive or drug- 
treated European or US patients. Biotinylated PGR products from this panel (Accession 
Number L78133 to L78157) were used to test probes for specificity and sensitivity. 
b.2 Nucleotide target region for probe design and probe selection. 

Table 4 and parts of Figure 1 are a compilation of the nawral and dmg-selected 
variabUity in the vicinity of aa 41, 69-70. 74-75. 184, 215, and 219 of the HIV RT gene. 
To create this uble and parts of this figure, the "National Centre for Biotechnology 
Information" database was searched and all HIV-1 genome entries were retrieved and 
analyzed one by one. Only those entries displaying non-ambiguous sequence information in 
the vicinity of the above-mentioned codons were retained for further interpretation. It 
should be noted that tiie indicated variations do not imply tiiat tiiey occur in tiie same 
sequence: for example the variabUity observed at codon 40 and 43 may occasionally occur 
togctiier. but most often, if tiiey occur, only one of tiiem is found. In tiiese 6 regions, a 
total of 19 different tiiird-letter and two first-letier (codon 43 AAG versus GAG and codon 
214 TTT versus CTT) polymorphisms need to be included in die selection of wild type 
probes. Anotiier 13 first-letter and/or second-letter variations are drug-induced and are tiie 
main targets for tiie selection of probes (Figure 1). 

For tiie design of relevant probes, only ttiose database motifs tiiat systematically 
reoirned (highly prevalem motif) were included, while scattered mutations which were 
found randomly (low prevalent motif, not shown) were ignored. Based on database 
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2 for codon 74-75 (90.4%). 5 for codon 184 (96.6%). 9 

co^, Th= prevalence of d«se n,puv« >«s d»n *«n™»d «s.«8 P-'' 

and US sera (Table 4). ,,„,„;ve for the samples tested. 

„ c«.s, *. d«*«e eo^s »e« ■>« ''^^^^ 

^i,^ (41»20. 41n.l2, TOmU. 7«w9. 740.6. ^^""^^"^ J 
. ^ ™.ifc nerative results were maitadly decreasea, lo, 
ihese new y designed mouB. nejaure 

^ 110 the iMaluercemage of reaaivity exceeds 90«. 
positions except codon 219. the total petcoi J „ aid 219n.9) beca««= 

Aether 4 profces were design^ ( 41mU. 215m50. 219m7^ 
^ ^ucnce ntotif was found in the Coned '^^^^^Zj^ 
^ ^ plastna Vitus satnples was fou». so far. m «^ ^ 

quasispccies. remaming undetectat>ie oy an 

"'"Tse^.-o'------rrr:r:c: 

a^^d n^tagenesis ,„ot shown). The "^^^^Z^::^^ ^ 

Whether d« sequence cotrt-ination of codon Y215 CTAO can 

UM (OD v,v„. However, this l^ter ntoUf was not fot^l m .he plasm. 

" , , „5„29 215*27) are in fact redundant, because they 

Four probes (41wl5. 70w8. 2l5w29, 215WZ ) ^ 
a««t identical se<^e«e ntotifs covered h, odter pro^^ "^^^^ ^ 
^ pro.^ is sag^U, different to «<,«^^^^ 

----.'»-rrrrrr.:rinr. 

of random mutations m the probe target area 
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b3 Probe specificity and sensitivity 
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The 48 selected probes were applied separately on UPA strips. Biotinylated PCR 
fragments generated from the reference panel or direcUy from plasma virus were alkali- 
denatured, the hybridizauon buffer and LiPA strips were added, and submitted to stringent 
hybridization and washing conditions. Positions where hybridization occurred were 
revealed by the biotine-streptavidine colorimetric detection system. Figure 2 (A to F) 
shows the reactivity of these 48 designed probes. In the right columns of Table 4, there is 
the indication of the corresponding strip in Figure 2. and the accession number of the 
reference panel clone used to obtain this reactivity. The reactivities of these probes were 
concordant with the nucleotide sequences. False positive reactivities were observed only 
for probe 41wl9 (Fig. 2A.9) and for 70m3 (Fig. 2B.8), wiUi extremely rare sequence 
motifs 41ml2 (prevalence less than 0.3%) and 70ml6 (not experimentally found), 
respectively. Weak cross-reactivity, as was observed on probe 41ml3 with a 41m27 motif 
(Figure 2A.10) was. in general, not tolerated in the probe design. When occurring, 
however, it never influenced die genotypic resistance interpretation. 
b.4 Applicability of the liPA in patient management. 

We selected follow-up samples from Uiree patients and analyzed the viral genotype 
on die 48 UPA probes. Figure 3 illustrates tht applicabUity of genotypic resistance 
measuremem in conjunction with ti« analysis of viral load and CD4 cell count. All tiiree 
patients had a wild type virus (i.e. M41-T69-K70-L74-V75-M184-F214-T219-K219) strain 
in tiie sample collected before anti-retroviral treatment. Codon positions that changed upon 
treatment are presented in Figure 3. 

From Patient 91007, 11 serum samples were analyzed, die first sample being 
collected 2 weeks before tbs start of therapy. The LiPA revealed that before treatment, in 
a T215 context, two variants at codon position 213 were predominantiy present (GGG and 
GGA respectively detected by probe 215wll and 215w9/215w29). From week 50 until 
week 81, a momic of T215 and Y215 could be delected. Both variants at codon 213 were 
also represented in the selected resistant genotypes (probes 215ml7 and 215ml4 are 
positive). From week 94 onwards, only Y215 mutant virus could be detected. A nearly 
identical geno-conversion at codon 41 was observed, witfi tiie detection of mixtures (M41 
and L41) from week 81 until week 111; from week 126 onwards, only L41 could be found 
(strips not shown). CD4 values were highly variable. Nevertiieless, a continuous decrease 
in CD4 is apparent (p=0.019, linear regression analysis). Viral load also decreased 
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follow-up series, since the first sample after the start 

than on. viral load increased. onwards. At week 

.0. a n,Uo,rc of M.84 »d vm could ^ a««:«d. Fro» U o. »4 

^ «»,riv •? 5-fold with the highest level at wedc lu. vu- 

increase to week 23 was noted. The decrease in 

with the appearance of the V184 motif. „ ««.k 10 

* „ ^ for weeks AZT treatment started at week lu, 
PoriMit 92021 was followed for 5:> weeKs. u , 

of reatiivity «Kh 215w53 (U14T215 Tl j^,^ 

0* R.4YZ15 could be de««ed. Tb. U14 ^ ^ 

42. . n.i«ure (K aud R, a, ^ „ fbund (s.>ps ». 

M week 55. a nux»re of codon 219 '^^^ ^ 
CD4 i^daU, increased, wi* a maxunal effec. ^ 

„ 21. Frou. *en on. a co»Hnuo„s decrease ''^"^^■ ^^ « 
«r «»nen. did no. resul. in a drop to vira. load, s«« *= vab» of 

^ « U onl, .«er s.ar. of U« — ^'^l, 

, 67 lofi From this patiem, it is temptmg to assume 

vua. taad drc^ ^ ^ ^ .adition o, ddC is ^cessar, » 

^-^^ "T^^^j^The rise in cm ce., coun. m.y d« 
iirtK* Ihe naniral F214Y215 genotype, ine 

of *e drug i«». »- "0. from dr«,-i»*«d pr«ec.K» (Uv, 

r Dfscussion /c«.«vpretal 1993) for the 

0 HIV RT,e«.d« described assay fcrn.a.pern.«d« rap- 

ddC, d4T, FTC and 3TC. The Inno LiPA Hiv orug 
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about the genetic constitution of the RT gene in the vicinity of codon 41. 69, 70, 74, 75, 
184, 215, and 219 at the nucleotide and. hence, also at the deduced protein level. 
Essentially, the biotinylated RT PCR product is hybridized against immobUized specific 
oligonucleotides (Table 4), which are directed against the indicated codon variabilities. 
Following this reverse-hybridization, the oligonucleotide-biounylated-PCR-strand hybrid is 
recognized by the streptavidine-alkaline phosphate conjugate, which then in turn converu 
the alkaline phosphate substrate into a purple brown precipitate. 

Using this assay, we smdied the specificity and reactivity of 48 probes, covering 6 
different regions. This combination should allow the reliable detection of most of the 
genetic resistance-related codon combinations observed to date. Occasionally occurring 
mutations in the vicinity of the target codons, not taken into consideration during probe 
design, may evennially prevent hybridization of the probes for a particular target region. 
This problem is partially solved by the redundancy of probes at the most important codons. 
Results obtained using 358 HIV infected plasma samples showed that, depending on the 
codon position under investigation, between 82.4% and 100% of the combinations could be 
detected, or an average of 92.7%. It is important to memion here that the assay was 
developed for resisience detection of the HIV-1 genotype B. and only limited information 
is currently available about the outcome of this assay with oda&r genotypes. Since the 
amplification primer combination is more or less universal for all the HIV-1 isolates, some 
of the indeterminate results may well be due to the presence of non-genotype B virus 
strains. 

So far, several assays for the detection of the wild-type and drug-selected mutations 
in tiie HIV RT gene have been described. These include Southern blotting (Richman et al., 
1991). primer-specific PCR (Urder et al.. 1991), PCR-LDR (Frenkel et al., 1995). 
RNAse A mismatch cleaving (Galandez-Lopez et al., 1991). and hybridization against 
en^rane-labeled probes (Eastman et al., 1995). The general advantage of the LiPA and 
other gentxypic assays is the speed by which results are obtained when compared to 
pheno^pic assays. The particular advantage of our test is its multi-parameter (in this 
particular case multi-codon) format. Moreover, the assay can easily be extended not only 
for the scieening of the other RT-codons, but also for proteinase codons associated with 
resistance (Mellors et al.. 1995). As was illustrated in Figure 3, mixnires of wild-type and 
drag-selected mutations can be detected easily. The detection limit for these mixmres is 
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reliable evidence for mixtures wiui any ^^^^ 
B„ .o urge »K« .» v«>*Us '^^^'^Z^ 
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load and CD4 cell changes is a prerequisite. However, knowledge conceming the genetic 
constituuon of the vims may also be an important factor in designing optimal treatment 
schedules. Optimizing therapies making good use of available information (viral load. CD4 
cell count, genetic resistance) has remained largely unexploited. If this was partially due to 
the complexity of screening for all the mutational cvems. the above-described UPA 
technology should remove one key obstacle. 

In conclusion, we have described a genotypic assay for the detection of wild type 
and drug selected codons in the HIV RT gene. The combination of the assay result along 
with viral load and CD4 cell monitoring should permit better design of patient-dependent 
optimal treatment schedules. 

Eiamnle 2; 

Multi-Drug Resistant (MDR) HTV-l isolates have been described. These MDR 
isolates are characterized by having muutions in their genome, compared to the wild type 
HIV-1 genome, which result in a set of amino acid changes. A key mutation leading to 
multi-drog resistance was found to be localized in codon 151 of the HIV-1 RT gene. 
Consequently, and as detecting these MDR isolates is clinicaBy important, we designed 
probes recognizing wild-type (probe 151w2) and mutant (probes 151m4 and 151ml9) HIV- 
1 isolates. Furthermore, the presence of polymorphisms in the direct vicinity of codon 151 
(codon 149) and at codon 151 have been described. Therefore, we also designed two 
additional probes (probes 151w6 and ISlwll) which detect these polymorphisms (Figure 4 
and Table 3). 

Treatment with non-nucleoside analogues, such as Nevirapine (Boehringer 
Ingelheim). selects for several amino acid changes in conserved regions of the HIV-1 RT 
gene. One of the most important amino acid changes is Y181C, a codon change that 
confers high level resistance. As the detection of this mutation is also clinically important, 
we designed probes recognizing the wild-type (181w3 and 181 w5) and mutam (181m7) 
isolates (Figure 4 and Table 3). 

Figure 4 shows the application of the selected probes for codon 151 and 181. The 
position of the probes on the strips is indicated on the right side of the strips. UPA strips 
were incubated with sequence-confirmed PCR fragments, extracted and amplified from: a 
wild type fflV-1 isolate (strip 1). a wild type HIV-l isolate with a polymorphism at codon 
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AZT 



ddl 



10 



ddC 



15 



20 



d4T 

3TCor 
FTC 

1S92U89 



25 



M41L ATG to TTG or CTG 

D67N GAC to AAC 

K70R AAA to AGA 

T215Y ACC to TAC 

T215F ACC to TTC 

K219Q AAA to CAA 

K219E AAA to GAA 

K65R AAA to AGA 

L74V TTA to GTA 

V75T GTA to ACA 

M184V ATG to GTG 

K65R AAA to AGA 

T69D ACT to GAT 

L74V TTA to GTA 

V75T GTA to ACA 

M184V ATG to GTG 

Y215C TTC to TGC 

I50T ATT to ACT 

V75T GTA to ACA 

M184V ATG to GTG or GTA 

M1841 ATG to ATA 

K6SR AAA to AGA 

L74V TTA to GTA 

Y115F TAT to TTT 

M184V ATG to GTG 
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TIBO 
R82150 
TIBO 
R82913 



15 



20 L697.593 
L697,661 
L697,661 

25 
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A98u 


GCA 10 GGA 


LI 001 


TTA 10 ATA 


K103N 


AAA 10 AAC 


VI 06 A 


GTA to GCA 


« r 1 nOT 

VlOol 


GTA to ATA 


Y181C 


TAT to TGT 


Y181I 


TGT to ATT 


Y188C 


TAT to TGT 


G190A 


GGA 10 GCA 


U991 


TTA to ATA 
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LIOOI 

K103N 

V106A 

E138K 

Y181C 

Y188H 

Y188L 

K103N 

Y181C 

A98G 

LlOOl 

KIOIE 

K103N 

K103Q 

V1081 

V179D 

V179E 

Y181C 



TTA to ATA 
AAA to AAC 
GTA to GCA 
GAG to AAG 
TAT to TGT 
TAT to CAT 
TAT to TTA 
AAA to AAC 
TAT to TGT 
GCA to GGA 
TTA to ATA 
AAA to GAA 
AAA to AAC 
AAAtoCAA 
GTA to GCA 
GTT to GAT 
GTT to GAG 
TAT to TGT 



BHAP 
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U-90152 

BHAP 

U-87201 



BHAP 
10 U-88204 



HEFT 

E-EBU 
15 E-EBU-dM 

E-EPUand 

E-EPSeU 

a-APA 

R18893 
20 S-2720 

TSAO 

BM-hSl.0836 



P236L 

KIOIE 

K103N 

Y181C 

Y188H 

E233V 

P236L 

K238T 

LIOOI 

V106A 

Y181C 

Y181I 

Y188C 

Y181C 

Y106A 

Y181C 

Y188C 

Y181C 

G190E 
E138K 
Y181C 
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CCTtoCTT 
AAA to GAA 
AAA to AAC 
TAT to TGT 
TAT to CAT 
GAA to GTA 
CCTto CTT 
AAA to ACA 
TTA to ATA 
GTA to GCA 
TAT to TGT 
TGT to ATT 
TAT to TGT 
TAT to TGT 
GTA to GCA 
TAT to TGT 
TAT to TGT 
TAT to TGT 

GGA to GAA 
GAG to AAG 
TAT to TGT 
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Table 3 

HIV RT wild-type and drug resistance 

Formula. c^he SeauenbegB 

wild-type probes 
E40AA41K43 
E40M41K43 
M41K43 
E40M41 
E4QM41K43 
E40M41K43 
E40miK43 
E40MI41 
E40M41 
E40M41K43 
E40M41K43 
E40M41K43 
E40M41K43 
E40WI41K43 



•/EP97/00211 



ecn in NO PR""^ selection. 



drug-induced 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41 
E40L41 
E40L41K43 
E40L41E43 
E40L41E43 
E40L41E43 
E40L41E43 
E4(».41E43 



TiSr J^TGGAAAAGGA 
41^5 TGTACAGAAATGGAA 
VCl AAATGGAAAA6GAAG 
41W^8 TACAGAGATGGAM 
4l^^9 CTACAGAGATGGAM 
V^O AGAGATGGAAAAAGA 
lllfiO AGAAATGGAGAAGGA 
ilJfl^ ACAGAGATGGAAAA 
CTACAGAGATGGAA 
IS CAGAGATG6AAAAG 
4l^fi4 AGAAATGGAAAAA6A 
41 GAAATGGAAAAAGA 

SSaaatggaaaaaga 

41^fl? AGAAATG6AAAAAGAA 

4im1 1 AGAGTTGGAAAAGGA 
iim12 AGAGCTGGAAAAGG 
XZ^2 AGAACTGGAAAA^ 
A\mU GAGCTGGAAAAGG 
Imil ACAGAATTGGAAAAG 
4,^ ACAGAATTGGAAAA 
llJS ACAGAACTGGAAAA 
4im24 AGAATTGGAAGA6G 
llJSs CAGAATTGGMGA^ 
4im26 AGAATTGGAAGAQGA 
rZs? AGAACTGGAA6AGG 
InmS CAGAACTGGAAGAGG 
llSI A^TGGAAGAGGA 



1 y 
2y 

3 
4 

5 

6y 
7 y 

8 

9 y 
10 

11 

12 

13 y 
14 



15 

16 y 

17 y 

18 y 
19 
20 y 
21 
22 

23 y 

24 

25 

26 y 

27 

28 



29 y 

30 y 

31 y 

32 y 

33 y 



ATTTCAAOMTrGGG 
R4«S0 »^ TTCWKAACnOOGC 

•""^ CAAAAATCGOGCCTG 
5«* SS' SSii^rCOGGCCTGA 

T69K70 
D69K70 
T69K70 

K70K73 ^ Aett«rR70 

r^O nr N69 Of Al0° v 



%:::''TtStSjSgga^ 

agtgataaatggagaa 
70S acagtactaaatggag 
tS^i taaatggagaaaaitag 



34 y 



35 y 



36 y 

37 y 

38 y 
40 
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T60R70 

Te9R70 

T69R70 

Ne9R70 

A69R70 

Ae9R70 

A69R70 

D69R70 

De9R70 

D6gR70 

D68R70 
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70m6 GTACTAGATGGAGA 
70m12 AGTACTAGATGGAGA 
70ni13 AGTACAAGATGGAGA 
70m14 CAGTAATAGATGGAG 
70m15 ACAGTGCTAGATGGA 
70fn16 CAGTGCTAGATGGA 
7011117 CAGTGCTAGATGGA 
70ni18 CAGTGATAGATGGA 
70m19 CAGTGATAGATGGAG 
70m20 AGTGATAGATGGAG 
70m21 AGTGATA6ATGGAGA 



wild^ype probes for positions L74 or V75 
K73L74V75D76 74wS GAGAAAATTASTAGATTT 
K73L74V75D76 74w6 AAAATTAGTAGACTTC 
K73L74V75D76 74w9 GAGAAAGTTAGTGGATT 

drugnnduced variant probes for positions V74 orT75 
IC73V74V75D76 74m6 AGAAAAGTAGTAGATTT 
IC73L74T75D76 74m10 AAAATTAACAGATTTC 
IC73L74T75D76 74m11 GAAAATTAACAGATTT 
IC73L74T75D76 74m12 GAAAATTAACAGATTTC 

wild4ype probes for position Q161 ^ ..^^ 
P150Q151G152 151w2 CTTCCACAGGSATGG 
P1S0Q151G152 151w6 CTTCCACAAGGATGG 
P150Q151G152 151W11 TGCTCCCACAG6GATG 

drug-induced variant probe for position M1S1 
P1S0M1S1G152 151m4 CTTCCAATGGGATGG 
P1S0IWI151G152 151m19 GCTTCCAATGG6ATGG 

wild-type probe for position Y181 

Y181 181W3 AGTTATCTATCAATACAG 

drug-induced variant probe for PO«"tonj5^*l..^ 
0181 181m7 AGTTATCTGTCAATAC 



wild-type probes 
Q182M184 
Q182M184 
Q182M184 
Q182M184 
Q182M184 
Q182M184 
Q182M184 
Q182M184 
Q182M184 
Q182M184 



drug-induced 

Q182V184 

1184 

Q182I184 

Q182I184 

Q182V184 

Q182V184 

Q1821184 

Q182I184 



for poirition M184 
184W11 TCAATACATGGATGAGG 
184W17 TCAGTACATGGATGAGG 
184W18 ATCAATACATGGATGA 
184W19 TCAGTACAT6GATG 
184W21 ATCAATATATGGATG 
184w22 ATCAATATATGGATGA 
184vy23 TCAATATATGGATGA 
184W24 TCAATACATGGACGA 
184w25 CAATACATGGACGAT 
184W26 TCAATACATGGACGAT 

variant probes for position V184 or 1184 
184m12 CAATACGTGGATGAGGG 
184m13 AATACATAGATGAT 
184m14 CAATACATAGATGAT 
I84m15 CAATACATAGATQATT 
184m16 CAATACGTAGATGAT 
184m20 TCAATACGTGGATGA 
184m27 TCAATACATAGATGAT 
184m28 ATCAATACATAGATGAT 



42 

43 y 

44 y 

45 y 
46 
47 y 
48 
49 y 
50 
51 
S2 



53 y 

54 y 
55 



56 y 
57 
58 
59 y 



60 

61 
62 



63 y 

64 y 



65 y 



67 
68 



70 

71 y 

72 

73 

74 y 

75 

76 



77y 

78 

79 

80 

81 

82 

83 

84 y 
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Wild-type probes 

G213F214T215 
L214T215 
F214T215 
F214T215 
T215 
T215 

G213L214T215 
G213F214T21S 
G213F2UT215 
6213F214T215 
G213F214T215 
G213L214T215 
G213F214T215 
G213F214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214T215 
G213L214r215 



^ 38 
tor position T21 5 
215w9 GGATTTACCACACCA 
215w10 GACTTACCACACCA 
21 1 GGTTTACCACACCA 
215(«16 GATTTACCACACCA 
215w22 TTACTACACCAGAC 
2l5w24 TTACGACACCAGA 
215w27 TGGGGACTTACCAC 
21&M29 TGGGGATTTACCAC 
2lSw32 GGGGTTCACCACAC 
215w33 GGGATTCACCACAC 
2l5w34 GGGATTTACCACACCAG 
215w95 TGGGGACTTACCACACC 
215W35 TGGGGGTTTACCACACC 
21&W37 GGGATTTACTACACCAG 
215w52 GGGATTAACCACAC 
215W53 GGGGATTAACCACA 
21Sw54 TGGGGATTAACCACA 
21Sw65 GGGGGTTAACCACA 
21Svii66 GGGGTTAACCACAC 
21Sw57 TGGGGGTTAACCAC 
215w65 GGGATTGACCACAC 
2iaw66 GGATTGACCACACC 
215w67 GGGATTGACCACA 
215m68 6GGACTGACCACA 
215v»(69 GGGACTGACCACAC 
21SM/70 TGGGGGTTAACCACA 
2iaw71 TGTGGTTAACCCCCA 
21&W51 GGGGCTTACCACAC 



7EF97/00211 



drug-induced variant prolws for Pos.«on Y215 or F215 
G213L214Y215 215m13 GGACTTTACACACC 
G213F214Y215 215m14 GG GTTTTA CACACC 
Sl3F214F215 215m15 GGATrTTTCACACCA 
6213F214Y215 215m17 GGATTTTACACA^^ 
Sl3F214Y215 215m38 GGGATTTTACACACCAG 
Sl3F214F215 215m39 GGGATTTTTCACACCAG 
G213F214Y215 215m40 GGGATTTTACACAC 
G213F214Y215 215m41 GGGGATTTrACACA 
Si?214Y215 215m43 CCCTAAAATGTCTG 
G213F214F215 215m44 GGATTTTTCACACC 
F214F215 215m45 QATT TTTCAC ACCA 

G213F214F215 215m46 GGSSIHI?^ 
G213F214Y215 215m42 CCCCTAAAATGTGT 
S'JSiT 215m47 GGrm^^^^ 
G213F214Y215 215m48 f^ZUJ^i^lrS^ 
G213F214Y215 215m49 ^;S!t^2cci:CA 
G213L214T215 215m50 ^G^^JJ^^^^^'^ 
G213F2UY215 215m61 ©GATTCTACACACC 
R14Y215 215m62 GATTCTACACACC 
G213F214Y215 215m63 GGATTCTACACAC 
G213F214Y215 215m64 GGGATTCTACACAC 
G213F214Y215 215m72 GGJIIIJ^TACCCC 
F214Y215 215m73 GSTTTTATACCCC 

F214Y215 215m74 GTTTTATACCCCA 

wild-type probes for position K219 ^ , ^ , . . 
Sl9 219»^ ACCAGACAAAAAACA 

K219 219W2 ACCAGACAAAAAAC 



85 y 

86 y 

87 y 
88 
89 y 
90 

91 y 

92 y 
93 
94 y 
95 
96 
97 



100 y 

101 

102 

103 

104 

105 

106 

107 y 

108 y 
100 
110 
111 y 
112 



113 y 

114 y 
115 
116 y 
117 
118 
119 
120 
121 
122 
123 y 
124 
125 
126 
127 

128 y 

129 y 

130 y 
131 
132 
133 
134 
135 
136 



137 
138 y 
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9 39 9 

K219 219w3 CACCAGACAAAAAAC 139 

K219 219W13 CAGACAA6AAACAT 140 

K219 219W14 CCAGACAAGAAACA 141 

K219 219W15 ACCAGACAAGAAACA 142 

K219 219w16 AGACAAAAAGCATC 143 y 

K219 219w17 CAGACAAAAAGCAT 144 

K219 219W18 CAGACAAAAAGCATC 145 

K219 219w19 CCAGATAAAAAACA 146 

K219 219M20 ACCAGATAAAAAAC 147 

K219 219M21 CCCA6ATAAAAAACA 148 

K219 219W22 CCAGATAAAAAACATC 1^ 

K219 219w23 CACCAGATAAAAAAC ISO 

K219 219w24 CAGACAAGAAACATC 151 

K219 219Me5 ACCAGACAAGAAAC 152 

drug-induced variant probes for position Q219 or E219 

Q219 219in4 ACCAGACCAAAAACA 153 

E219 219m5 ACCAGACGAAAAACA 154 

Q219 219m6 ACCAGATCAAAAACA 155 

Q219 219m7 ACCAGATCAAAAAC 156 y 

Q219 219m8 CACCAGATCAAAAAC 157 

E219 219m9 ACCAGACGAAAAAC 158 y 

E219 219m10 CCAGACGAAAAACA 159 

Q219 219m11 CCAGACGAAAAACA 160 

Q219 219m12 ACCAGACCAAAAAC 161 
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CLAIMS 

1 . Method for determining the susceptibility to antiviral drugs of viruses which 

contain reverse transcriptase genes and are present in a biological sample, comprising: 

(i) if need be releasing, isolating or concentrating the polynucleic acids present in the 
sample; 

(ii) if need be amplifying the relevant pan of the reverse transcriptase genes present in 
said sample with at least one suitable primer pair; 

5 (iii) hybridizing the polynucleic acids of step (i) or (ii) with at least two RT gene 

probes, with said probes being applied to known locations on a solid support and. 
with said probes being capable of simultaneously hybridizing to their respective 
target regions under appropiate hybridization and wash conditions allowing the 
detection of homologous targets, or with said probes hybridizing specifically with a 

10 sequence complementary to any of said target sequences, or a sequence wherein T 

of said target sequence is replaced by U; 
(iv> detecting the hybrids formed in sxep (iii); 

(v) inferring the nucleotide sequence at the codons of intrest as represented in any of 
Figure 1. or Tables 1, 2 or 4 and/or the amino acids of the codons of intrest and/or 
15 antiviral drug resistance spectrum, and possibly the type of viral isolates involved 

from the differential hybridization signal(s) obtained in step (iv). 

2. Method according to claim 1, wherein said viruses are HIV strains. 

3. Method according to claim 2, wherein said RT gene probes hybridize specifically to 
one or more target sequences as represented in any of figure 1 or tables 1, 2 or 4. 

20 4. Method according to claim 1 , wherein step (iii) consists of hybridizing with at least 
two probes hybridizing speciffcally to one or more target codons within region I as 
represented in Figure 1. 

5. Method according to claim 1 . wherein step (iii) consists of hybridizing with at least 
two probes hybridizing specifically to one or more target codon within region 11 as 
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represented in Figure l- 

two probes hybridizing specifically to one or more target cod 
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represented in Figure 1. 
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9. Method according to clatm 1.. ^^^^e ' codons within region VI as 
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any of claims 1 to 12 and which is preferably represented in Table 3. 

14. Composition comprising at least two probes according to ctaim 12. 

15. A kit for inferring the nucleotide sequence at codons of interest in the HIV RT 
gene and/or the amino acids corresponding to these codons and/or the antiviral drug 
resistance spectrum of HIV isolates present in a biological sample comprising the following 
compoi^nts: 

(i) when appropiate. a means for releasing, isolating or concentrating the polynucleic 
acids present in said sample; 

(ii) when appropriate, at least one of the above-defined set of primers; 

(iii) at least two of the probes as defined above, possibly fixed to a solid support; 

(iv) a hybridization bufSer. or components necessary for producing said buffer; 

(v) a wash solution, or components necessary for producing said solution; 

(vi) when appropriate, a means for detecting the hybrids resulting from the preceding 
hybridization. 

(vii) when appropriate, a means for attaching said probe to a solid support. 

16. A kit for inferring the HIV RT resistance spectrum of HIV in a biological sample, 
coupled to the identification of the HIV isolate involved, comprising the following 
components: 

(i) when appropiate, a means for releasing, isolating or concentrating the polynucleic 
acids present in the sample; 

(ii) when s?>propriate. at least one of the sets of primers as defined above; 

(iii) at least one of the probes as defined above, possibly fixed to a solid suppon; 

(iv) a hybridization buffer, or components necessary for producing said buffer; 
(V) a wash solution, or components necessary for producing said solution; 

(vi) when appropriate, a means for detecting the hybrids resulting from the preceding 
hybridization; 

(vii) when appropriate, a means for attaching said probe to a solid support. 
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le^itomants of uiMy of inwendon and leiatee to several hwenHons of groups of owenSons, namely: 

1. claims: 1-6 (partially) 

Method for assessing the effectiveness of non-nucleoslde 
reverse transcriptase antl retroviral therapy of an 
HIV-infected patient comprising evaluatino ^^^^l* * 
patient's plasma sample contains nucleic acid encoding HIV 
reverse transcriptase (HIV-RT) having a mutation codon 
230 or at cSons 230 and 103, or at codons 230 and 181; and 
method and resistance test vector for assessing the 
biological effectiveness of a candidate HIV antl retroviral 
drug compound comprising a patlent-derived segment of 
reverse transcriptase! which comprises a mutation at saio 
codon<s). 



2. claims: 1-6 (partially) 



Methods and resistance test vector as described in the 
previous Invention, wherein the HIV-RT has mutations at 
codons 230 and 101. 



3. claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous invention, wherein the HIV-RT has mutations at 
codons 2S0 and 190. 

4. claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous invention, wherein the HIV-RT has mutations at 
codons 230 and 221. 

5. claims: 1-6 (partially) 

Methods and resistance test vector as 0«scrlDed in the 
previous Invention, wherein the HIV-RT has mutations at 
codons 230 and 238. 

6. claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous Invention, wherein the HIV-RT has mutations at 
codons 230. 101. 103. 



7. claims:' 1-6 (partially) 
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fequtiBinerts of unity Of hwertlon and retales id seweralirMenlionsor oroups of hwrtions, nameiy: 

Methods and resistance test vector as described In the 
previous Invention, wherein the HIV-RT has nutations at 
codons Z30, 101, 190. 

8. claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous Invention, wherein the HIV-RT has nutations at 
codons 230. 101. 221. 

9. claims: 1-6 (partially) 

Methods and resistance test vector as described In the 
previous invention, wherein the HIV-RT has mutations at 
codons Z30, 101, 238. 

10. clalBs: 1-6 (partially) 

Methods and resistance test vector as described In the 
previous Invention, wherein the HIV-RT has imitations at 
codons 230. 103, 190. 

11. claims: 1-6 (partially) 

Methods and resistance test vector as J" 
previous invention, wherein the HIV-RT has nutations at 
codons 230, 103, 221. 

12. claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous invention, wherein the HIV-RT has nutations at 
codons 230, 103, 238. 

13. claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 190, 221. 



14. claims: 1-6 (partially) 
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•ma Search Dhriskm considere that the present European Pa«ertappBi»lk« dc«»r^ 
lequlremems olunity of mvenfifin and mates to several inMentkws or gioups oi inwennorw, rameiy: 

Methods and resistance test vector as described In the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 190, 238. 



15. claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 221, 238. 

16. claims: 1-6 (partially) 

Methods and resistance test vector as described In the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 101, 103, 190. 

17. claims: 1-6 (partially) 

Methods and resistance test vector a!,<*«cr1bed In the 
previous invention, wherein the HIV-RT has mutations at 
codons 230. 101. 103. 221. 

18. claims: 1-6 (partially) 

Methods and resistance test vector J" 
previous invention, wherein the MIV-RT has mutations at 
codons 230. 101. 103, 238. 



19. claims: 1-6 (partially) 

Methods and resistance test vector m described In t^^ 
previous Invention, wherein the HIV-RT has mutations at 
codons 230. 101. 190, 221. 

20. claims: 1-6 (partially) 

Methods and resistance test vector as jlescrlbed In the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 101. 190, 238. 



21. claims: 1-6 (partially) 
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Methods and reslstaricft test vector as described in the 
previous Invention, wherein the HIV-RT has nutations at 
codons 230, 101, 221, Z38. 

22. Claims! 1*^ (partially) 

Methods and resistance test vector as described In the 
previous invention, wherein the HIV-RT has nutations at 
codons 230, 103. 190, 221. 

23. claims: 1-6 (partially) 

Methods and resistance test vector as described In the 
previous Invention, wherein the HIV-RT has mutations at 

codons 230, 103, 190, 238. 

24. claims: 1-6 (partially) 

Methods and resistance test vector as described In the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 103, 221. 238. 

25. claims: 1-6 (partially) 

Methods and resistance test vector as described In the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 190. 221, 238. 

26. claims: 1-6 (partially) 

Methods and resistance test vector as <le3cribed in the 
previous Invention, wherein the HIV-RT has mutations at 
codons 230. 101. 103, 190, 221. 

27. claims: 1-6 (partially) 

Methods and resistance test vector as <Jescr1Ded in the 
previous invention, wherein the HIV-RT has mutations at 
codons 230, 101. 103, 190, 238. 

28. claims: 1-6 (partially) 
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Methods and reslstanco test vector as described In the 
previous invention, wherein the HIV-RT has nutations at 
COdons 230, 101, 103, 221, 238. 

29. Claims: 1-6 (partially) 

Methods and resistance test vector as described In the 
previous Invention, wherein the HlV-RT has aiutatlons at 
COdons 230. 101. 190, ZZl, 23B. 

30. claims: 1-0 (partially) 

Methods and resistance test vector as described in the 
previous invention, wherein the HIV-RT has nutations at 
COdons 230, 103. 190, 221, 238. 

31. Claims: 1-6 (partially) 

Methods and resistance test vector as described in the 
previous invention, wherein the HIV-RT has nutations at 
COdons 230. 101. 103. 190. 221. 238. 

32. claims; 1-6 (partially) 

Method for assessing the effectiveness of non-nucleoside 
reverise transcriptase ant 1 retroviral therapy of an 
HIV-infected patient comprising evaluating whether a 
patient's plasma sample contains nucleic acid encoding 
HIV-RT having a mutation at codon 241 or at codon 241 and 
further codons; and method and resistance test vector for 
assessing the biological effectiveness of a candidate HIV 
ant 1 retroviral drug compound comprising a patient-derived 
segment 'of reverse transcriptase! which comprises a 
mutation at codon 241 or at codon 241 and further codons. 
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Method for assessing the effectiveness of non-nucleoslde 
reverse transcriptase ant 1 retroviral therapy of an 
HIV-infected patient comprlslnB evaluating whether a 
patient's plasma sample contains nucleic acid encoding 
HIV-RT having a mutation at codon 245 or at codon 248 and 
further codons; and method and resistance test vector for 
assessing the biological effectiveness of a candidate HIV 
antlretrovlral drug compound coinprlslng a patient-derived 
segment *of reverse transcriptase! which comprises a 
nutation at codon 245 or at codon 245 and further codons. 

34. claims J 1-6 (partially) 

Method for assessing the effectiveness of non-nucleoslde 
reverse transcriptase antlretrovlral therapy of an 
HIV-infected patient comprising evaluating whether a 
patient's plasma sample contains nucleic acid encoding 
HlV-RT having a mutation at codon 270 or at codon 270 and 
further codons: and method and resistance test^'jector for 
assessing the biological effectiveness of a candidate HIV 
antlretrovlral drug coii4>ound comprising a patient-derived 
segment 'of reverse transcriptase! which comprises a 
mutation at codon 270 or at codon 270 and further codons. 

The Applicant li to note that if the Aoplicant pays »d^1*^o"*l/®®M°r„ 
one (or more) not yet searched group(s) of Inventlon(s) as defined above, 
then the further 6earch(es) may reveal further pHor art that Blves 
evidence of a further lack of unity 'a posteriori' within one (or more) 
of the not yet searched group(s). 



page 6 of 6 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 01 94 4452 



TWs annex Date the patent iamlV nwmbemrelallnQ » •» patent deeumento diad m the above-menooned European aeareh wpoit 

TH8 European Patent Offioe is In no way fiable tor Ihese parVculan which are imravglven for *ib puipooe « wonnawn. 

27-10-2004 



pQtoni doouiTiBnt 
dndlnsearohroport 



Puoncanon 



UO 9961658 



02-12-1999 



AU 772511 B2 

AU 4207599 A 

BR 9911600 A 

CA 2329140 Al 

CN 1311823 T 

EP 10fi2454 Al 

JP 2002S16119 T 

HX PA00011623 A 

NZ 508834 A 

VH) 9961658 Al 



UO 9727332 



31-07-1997 



AU 719691 B2 

AU 1444397 A 

BR 9704637 A 

CA 2215073 Al 

WO 9727332 Al 

EP 0817866 Al 

JP U502727 T 

US 6331389 81 

US 6087093 A 

US 2003077575 Al 



29-04-2004 
13-12-1999 

13- 02-2001 
02-12-1999 
05-09-2001 

14- 03^2001 
04-06^2002 
17-10-2002 
26-06-2004 
02-12-1999 



18-05-2000 
20-08-1997 
09-06-1998 
31-07-1997 
31-07-1997 
14-01-1998 
09-03-1999 
18-12-2001 
11-07-2000 
24-04-2003 



Por mem dMBBa Aout Me onnn : 3aa OfflGM Journal a( tta eimpean Pami Office^ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted b> the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKE\A ED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



